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Field of the Invention 

5 

The present invention relates to an apparatus and a 
method for measuring electromagnetic interference (EMI) ; 
and more particularity,, to an apparatus and a method for 
measuring an EMI level of an electronic device by 
10 statistically analyzing group_delay variation information 
of the radio frequency device obtained from a vector 
network analyzer. 



15 



Description of Related Arts 



Generally, various electronic components are included 
in a communication system or an electric home appliance. 
The electronic components radiate a certain amount of 
electromagnetic wave to cause an adverse effect by 

20 interfering from each other. The above mentioned effect is 
called an electro magnetic interference (EMI). The EMI 
degrades an overall performance of the communication system 
or the electric home appliance. Especially, for designing 
a high frequency communication system such as a satellite 

25 transponder, the EMI problem is one of important factors to 
consider. 

Each of the Ku-band and Ka-band satellite 
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transponders includes a huge number of electric components 
such as an input multiplexer, an input filter assembly, a 
diplexer and a test coupler for processing tens of Giga 
Hertz signals. The overall performances of the Ku-band and 
5 the K-band satellite transponders are seriously influenced 
by the EMI radiated from the electric components. 

Therefore, the electric components of the satellite 
transponder are assembled after being carefully tuned with 
consideration of characteristics and functions of the 
10 satellite transponder. In order to tune the electric 
components, an EMI level of the electric components needs 
to be accurately measured. 

Conventionally, a method for measuring EMI of 
electric components includes several processing steps. 
15 At first, an equipment under test (EUT) , which is an 

object of measurement such as an input multiplexer, is 
connected to a measurement device such as a scalar meter. 
Secondly, a electromagnetic device such as a horn antenna 
radiating the electromagnetic wave is located at a fixed 
20 place within a predetermined distance and an angle, 
preferably 90 degrees, from the EUT and the horn antenna is 
powered on for radiating the electromagnetic wave. The EMI 
level of the EUT is measured based on frequency spectrum 
information displayed at the scalar meter. 
25 As mentioned above, the conventional method may not 

accurately measure the EMI level of EUT since the 
conventional method measures the EMI level of EUT without 
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considering various factors that may change the influence 
of EMI radiated from the electromagnetic wave radiating 
device. The influence of electromagnetic wave may change 
in response to a direction of the electromagnetic radiating 

5 device and to an arrangement of electric components with 
the EUT in a communication system. 

Furthermore, the conventional method may determine 
the EMI level of EUT with lack of information. The 
conventional method determines the EMI level of EUT based 
10 on frequency spectrum information of the scalar meter. 
Other information such as variation of amplitude, variation 
of group_delay information or variation of bandwidth is 
excluded in determining the EMI level. Therefore, the 
conventional method may not very informatively the EMI 

15 level since the EMI influence may change according to 
characteristics and functionality of EUT in a communication 
system. 

Summary of the Invention 

20 

It is, therefore, an object of the present invention 
to provide an apparatus and a method for measuring an 
electromagnetic interference (EMI) level of an electric or 
an electronic device by statistically analyzing data of 
25 group_delay variation information obtained from a vector 
network analyzer. 

In accordance with an aspect of the present invention, 
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there is provided an apparatus for measuring a level of 
electromagnetic interference (EMI) with an electronic 
device to radiate an electromagnetic wave, the apparatus 
including: a test device for outputting a signal in 
5 response to the electromagnetic wave radiated from the 
electric device; a calculation unit for calculating a 
group_delay variation information of the test device by 
using the signal from the device; a processor for storing a 
reference group_delay variation; and an analyzer for 
10 analyzing the level of EMI by comparing the reference 
group_delay variation information with the group_delay 
variation information . 

In accordance with an aspect of the present invention, 
there is also provided a method for measuring a level of 
15 electromagnetic interference (EMI) with an electronic 
device to radiate an electromagnetic wave, the method 
including the steps of: a) loading a reference group_delay 
information of . a device; b) at the electronic device, 
radiating the electromagnetic wave by moving along a 
20 predetermined trace; c) obtaining a group_delay variation 
information of the device which is varied according to the 
electromagnetic wave from the electronic device at a 
predetermined number of detection positions on the 
predetermined trace; and d) measuring an EMI level of the 
25 device by comparing the reference group_delay variation 
information and the group_delay variation information 
obtained. 
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Brief Description of the Drawings 



The above and other objects and features of the 
present invention will become better understood with regard 
to the following description of the preferred embodiments 
given in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a diagram illustrating an apparatus for 
measuring an EMI level of electric components of a 
communication system in accordance with a preferred 
embodiment of the present invention; 

Fig. 2 is a flowchart for explaining a method for 
measuring an EMI level of electric components in accordance 
with a preferred embodiment of the present invention; 

Fig. 3 is a graph showing a group_delay variation of 
an input multiplexer which is used as a reference 
information; and 

Fig. 4 is a graph showing the changes of the 
group_delay variation due to an EMI value. 

Detailed Description of the Invention 

Fig. 1 is a diagram illustrating an apparatus for 
measuring an electromagnetic interference (EMI) level of 
electric components of a communication system in accordance 
with a preferred embodiment of the present invention. 

As shown in Fig. 1, the apparatus 100 includes a mass 



electromagnetic radiating device 110, a vector network 
analyzer 120, an equipment under test (EUT) 130, an 
electromagnetic wave absorbing plate 140, a computer 150, 
general purpose interface bus (GP1B) 160 and an EUT mount 
5 124 . 

The mass electromagnetic radiating device 110 is an 
electric device radiating mass amount EMI. The mass 
electromagnetic radiating device 110 moves along a trace in 
the form of a half-circle around the EUT 130 with 
10 separating from the EUT 130 by a predetermined distance and 
radiating the electromagnetic wave during the movement. 

The vector network analyzer 120 is a device that 
generally measures various characteristics of the EUT 130 
by detecting a scattering parameter of a magnitude, a phase, 
15 a reflection, a transmission, an impedance and a time delay. 
In accordance with a preferred embodiment of the present 
invention, the vector network analyzer 120 presents a 
scattering parameter of the output signal of the EUT 130 in 
response to the electromagnetic wave radiated from the mass 
20 electromagnetic radiating device .110 and converts a 
group_delay variation information of the EUT 130 based on 
the acquired scattering parameter. 

In accordance with the preferred embodiment of the 
present invention, the vector network analyzer 120 includes 
25 an input connector 121 and an output connector 128. The 
input connector 121 is connected to an input end 122 of the 
EUT 130 and the output connector 128 is connected to an 
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output end 126 of the EUT 130. The vector network analyzer 
120 applies an input signal to the EUT 130 through the 
input connector 121 and receives an output signal which is 
modified according to a function of the EUT 130 through the 
5 output connector 128. The vector network analyzer 120 
obtains the variation of the scattering parameter of the 
output signal due to the electromagnetic wave radiated from 
the mass electromagnetic radiating device 110. Also, the 
vector network analyzer 120 is connected to the computer 
10 150 through the general purpose interface bus (GPIB) 160. 

The electromagnetic wave absorbing plate 140 absorbs 
the electromagnetic wave radiated from the mass 
electromagnetic radiating device 110 in order to protect 
the vector network analyzer 120 from the EMI. The 
15 electromagnetic wave absorbing plate 140 is interleaved 
between the EUT 130 and the vector network analyzer 120 and 
covers the vector network analyzer 120. 

The EUT 130 is mounted on the EUT mount 124 and is 
electrically connected to the vector network analyzer 120 
20 by connecting an input end 122 of the EUT 130 to the input 
connector 121 of the vector network analyzer 120 and the 
output end 126 of the EUT 130 to the output connector 128 
of the vector network analyzer 120, respectively. The EUT 
130 receives an input signal from the vector network 
25 analyzer 120 through the input end 122 and generates an 
output signal modified according to a function of the EUT 
130. The output signal of the EUT 130 is outputted to the 
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vector network analyzer 120 through the output end 126 of 
the EUT 130. 

In the preferred embodiment of the present invention, 
the EUT 130 is mounted on the EUT mount 124 for measuring 
the EMI level. However, the output connector 128 and the 
input connector 121 can be implemented with a predetermined 
length of electric wires in order to directly connect the 
vector network analyzer 120 with the EUT 130 on a circuit 
board. By directly connecting, an arrangement of electric 
circuit, which is the very tuning environment of EUT 130, 
is not disturbed for measuring the EMI level. 

The computer 150, connected to the vector network 
analyzer 120, receives data of measurement and performs 
various analysis processes for measuring the EMI level of 
the EUT 130. The computer 150 and the vector network 
analyzer 120 are connected by the GPIB 160. 

Fig. 2 is a flowchart for explaining a method for 
measuring an EMI level of an electronic device for use in a 
communication system in accordance with a preferred 
embodiment of the present invention. The computer 150 
stores a reference group_delay variation information (e.g., 
displayed video data) . 

In the preferred embodiment of the present invention, 
a horn antenna is used as a mass electromagnetic radiating 
device and an input multiplexer is used as an EUT. 

At step S200, a reference group_delay variation 
information (e.g., displayed video data), previously stored 
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in the computer, of the EUT is loaded. Here, the reference 
group_delay variation information is a group_delay 
variation information of the EUT, which is has already veen 
tuned as seen in Fig. 3. That is, the group_delay 
5 variation information is given without the EMI from the 
horn antenna and the group_delay variation information 
without influence of EMI is used as reference information 
for determining the EMI level of the input multiplexer. 

At step S201, the horn antenna is powered on for 

10 radiating electromagnetic wave and moves along a trace in 
the form of half-circle around the EUT with separating from 
the EUT by a predetermined distance. 

At step S202, the vector network analyzer detects a 
scattering parameter of a generated signal outputted from 

15 the EUT at a plurality of detection positions A, B, C and D 
on the predetermined trace. The scattering parameter of 
the generated signal is varied in response to the 
electromagnetic wave radiated from the horn antenna and the 
group_delay variation information is generated based on the 

20 scattering parameter of the generated signal at each 
detection position . 

At step S203, the computer receives the group_delay 
variation information of detection positions from the 
vector network analyzer and calculates an average value of 

25 variation between the group_delay variation information of 
all the required positions and the reference group_delay 
variation information. Based on the average value, a 



standard deviation value is calculated. 

The average value and the standard deviation value 
are computed as follows. 

The group_delay variation information is displayed at 
5 the monitor as a curve. If the curve is displayed at a 
two-dimensional plane such as a monitor with an x-axis and 
a y-axis, wherein the x-axis is divided into N, the y-axis 
is divided into M, M and N being positive integers, the 
brightness level of the (i,j)th dot along the curve is 
10 indicated as B™ F for the reference group-delay and Bf 41 for 
the EMI-affected group-delay. By using the number values 
B^ F and Bf 41 of the (i,j)th dot, an average and a standard 

deviation of the group__delay variation information and the 
reference group_delay variation information are computed. 
15 The average value is computed by using following 

equation: 



i N M 

M=—YY\B!; M, -B" EF \ Eq. 1 



20 Wherein ju is an average value, N is positive integers 

representing the number of divisions of x-axis, M is 
positive integer representing the number of divisions of y- 
axis, B^ F represents the brightness level of the (i,j)th 

dot along the curve for the reference group-delay and Bf 41 
25 represents the brightness lever of the (i,j)th dot along 
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the curve for the EMI-af f ected group-delay. 

The standard deviation value is computed by following 
equation : 



Ji N M 

— YY{\B!; MI - B r\-M} 2 Eq. 2 

Wherein cr is a standard deviation, ju is an average 
value, N is positive integers representing the number of 
divisions of x-axis, M is positive integer representing the 

10 number of divisions of y-axis, B^ p represents the 
brightness level of the (i,j)th dot along the curve for the 
reference group-delay and Bf 41 represents the brightness 
lever of the (i,j)th dot along the curve for the EMI- 
af f ected group-delay. 

15 For computing the average value and the standard 

deviation value, two schemes, i.e., a normal Gaussian 
distribution scheme and an arithmetic mean algorithm, can 
be used. The normal Gaussian distribution algorithm is 
used in a case that there are comparatively large number of 

20 dots used for displaying the group_delay variation 
information. The arithmetic average or a mean algorithm is 
used in a case that the numbers of dots representing the 
curves of group_delay variation information obtained at 
different detection positions are different. 
25 Among the computed standard deviation values of 
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detection positions, the largest one is selected and 
converted into an electrical power value at step S204. The 
largest standard deviation value is converted into the 
electrical power value by following equation. 

5 

Level = l0\og l0 (^-) Eq. 3 

4*50 

Here, a max is a maximum value of the standard 

deviation cr and Level represents an EMI level. 
10 At step S205, the converted electrical power value is 

defined as an EMI level of the EUT . 

Fig. 3 is a graph showing the group_delay variation 

of an EUT which is used as a reference group__delay 

variation information . 
15 As shown in Fig. 3, the group_delay variation is 

detected after tuning the input multiplexer without EMI- 

inf luence . 

Fig. 4 is a graph showing a change in the group_delay 
variation information due to the external EMI change. 
20 As shown in Fig. 4, a certain frequency band of the 

group_delay variation information is changed by the 
electromagnetic wave radiated from the horn antenna. 

As mentioned above, the method for measuring an EMI 
level of the EUT in accordance with the present invention 
25 detects the group_jdelay variation information by detecting 
a scattering parameters of a generated signal outputted 



from the EUT and determines an EMI level of the EUT based 
on the change between the group_delay variation information 
and the reference group_delay variation information. 

The present invention can accurately measure the EMI 
level of electric device by analyzing the change of the 
group_delay variation information and the accurately 
measured EMI level can be used for predicting the 
performances of high frequency electric components and 
managing the qualities of high frequency electric devices. 

The present application contains subject matter 
related to Korean patent application No. KR 2003-0093207, 
filed in the Korean patent office on December 18, 2003, the 
entire contents of which being " incorporated herein by 
reference . 

While the present invention has been described with 
respect to certain preferred embodiments, it will be 
apparent to those skilled in the art that various changes 
and modifications may be made without departing from the 
scope and spirit of the invention as defined in the 
following claims . 
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